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trode be able to be maintained at a uniform, stable tern- 
COMPOSITE ELECTRODE FOR PLASMA perature across its entire surface. Finally, it is often 

PROCESSES desirable that the etchant gas be introduced through the 

upper electrode. In that case, the electrode material 
1. Field of the Invention 5 should be machinable in order to form the necessary 

The present invention relates generally to the design passages and other features for delivering a uniform 
of electrodes used for producing a plasma in a reactor flow of gas therethrough. 

vessel. More particularly, the present invention relates Heretofore, upper electrodes for parallel plate plasma 
to the design of a composite electrode useful in plasma reactors have generally been formed from a single (or 
reactors, such as plasma etch and plasma-enhanced 10 coated) material, such as noncrystalline silicon, graph- 
chemical vapor deposition reactors. ite, aluminum, flame sprayed silicon powder on alumi- 
2. Description of the Background Art num, or the like. While each of these materials enjoys 
Plasma etching of semiconductor wafers and other certain advantages, e.g. poly crystalline silicon is com- 
substrates relies on the production of ionized gaseous patible with many plasma chemistries, anodized alumi- 
species using a radio frequency (rf) discharge at pres- 15 num is relatively inexpensive and easy to fabricate, and 
sures in the range from about 0.01 to 10 Torr, com- graphite is readily machined and can be purified to 
monly referred to as a glow discharge. The charged semiconductor purity, no one material has been found 
species react with molecules at the surface of the sub- to meet all electrode requirements, 
strate, resulting in volatile reaction products which are Thus, it would be desirable to provide improved 
earned away. 20 U p per electrode constructions used in, inter alia, parallel 
Several types of etchers are commonly employed in p i ate plasma reactors. Such electrodes should possess 
semiconductor fabrication including wet chemical (bar- desirable electrical and thermal properties, and should 
rel) reactors, vertical dry chemical plasma reactors, and ^ compatible with many or all plasma chemistries. In 
horizontal dry chemical plasma reactors. Of interest particular, it would be desirable if such electrodes were 
herein are dry chemical parallel plate plasma reactor* 25 rdativel ^ me ^ to fabricate> 
Such parallel plate reactors are typically charactenzed 

by a reactor volume defined by a pair of vertically SUMMARY OF THE INVENTION 

spaced-apart horizontal (electrode plates, although other According to the present invention, an electrode 

orientations may also be employed. An etchant gas is ^ M „ M Z Mm \ ■ i i I i cxcwuwc 

typically fed through at least one of the electrode plates, 30 J""* 1 * su ^ ble for f use » a Parallel plate plasma reac- 
and rf energy is applied across the electrodes to induce tor f, "f ua % In the form of a disk, 

the desired plasma. Parallel plate reactors may be con- composed of a semiconductor punty material 1 having 
figured to process either single or multiple wafers. Sin- ? substantially uniform thickness. One face of the plate 
gle wafer parallel plate reactors, because of their highly K ° onde ? * a su PP° rt fr f me . composed of an electn- 
symmetric electrical field and gas flow characteristics, 35 c ^ a f ld thermally conductive material, leavmg the 
are able to provide highly uniform etching across the other face substantially flat and free from protuber- 
surface of the wafer. Parallel plate reactors are de- ances. Usually, the support frame will be in the form of 
scribed in a number of US. Pat Nos. including a ring which is bonded about the periphery of a plate in 
4,612,077; 4,534,816, 4,595,484, 4,590,042; 4,407,708; the form of a disk. Preferably, a plate and support frame 
and 4,158,589, the disclosures of which are incorporated 40 bonded together with a relatively ductile bonding 
herein by reference. l aver formed by brazing, soldering, or the like. The 

Parallel plate plasma reactors usually operate by in- bonding material should be composed of a thermally 
troducing a low pressure etchant gas through the upper ^ electrically conductive material, such as metals, 
electrode plate and placing a single wafer or multiple conductive epoxies, or the like preferably being formed 
wafers over the lower electrode. The plasma is uni- 45 froin low vapor pressure materials which will have less 
formly generated as the etchant gas flows downward tendency to contaminate low pressure reactor environ- 
and the rf energy is applied to the reactor, typically ments. 

across the two electrodes. The present invention comprises the electrode assem- 

The upper electrode must meet a number of require- blies themselves as well as improved parallel plate elec- 
ments in order to achieve desired performance charac- 50 trode reactors which incorporate the electrode assem- 
teristics. Foremost, the electrode must have defined hlies as an upper or exposed electrode thereof, 
electrical properties, such as impedance, current capac- The composite electrodes of the present invention 
ity, and the like, in order to couple rf energy into the have a number of advantages over previous electrodes 
plasma in combination with the lower electrode. Addi- formed from a single material. The plate portion of the 
tionally, the upper electrode material must be able to 55 composite electrode which is exposed to plasma can be 
withstand prolonged exposure to the generated plasma, formed from material which is most suitable for the 
and interaction between the electrode material and the processing conditions with less concern for the cost of 
plasma should not have a deleterious effect on any of the material or the ability to machine the material. Thus, 
the desired plasma properties. In particular, the upper the material of choice can be dictated primarily by 
electrode should not generate large particles or large 60 plasma chemistry and the desirability to minimize for- 
quantities of particles and should not release heavy mation of particles and release of other contaminates, 
metals or other contaminants into the zone between the Similarly, the support frame can be composed of a mate- 
opposed electrodes. Transition group metals severely rial which has desired electrical, thermal, and structural 
degrade minority carrier lifetimes and significantly in- properties and which can be relatively easily machined 
crease junction leakage. Alkalis, particularly sodium, 65 or otherwise formed into a desired geometry, e.g. a 
cause instability in MOS threshold voltages. The tern- ring. In particular, the material of the support frame 
perature characteristics of the plasma are also critical to should not be brittle and should allow attachment 
system performance, and it is desirable that the elec- within the reactor by bolting or other conventional 
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fasteners. The material of the support frame will usually compatible with the plasma chemistry being performed 

be chosen to have a thermal expansion coefficient in the reactor. Etching is typically performed with halo- 

which is generally compatible with that of the electrode gen-based chemistries, and the materials listed in Table 

plate, but a certain amount of mismatch can be tolerated 1 below are generally suitable for most such chcmis- 

when the bonding layer is formed from a ductile mate- 5 tries. This listing is not meant to be comprehensive and 

rial. In a preferred embodiment, the support frame is other electrode materials and plasma chemistries may 

chosen to have a slightly greater coefficient of thermal also be used in the present invention, 

expansion. By then joining and/or curing the bonding table 1 

layer at a temperature above the expected operating rABJ-fc. l 

temperature of the electrode, the electrode plate will be 10 Graphite 

maintained under compression, enhancing the durabil- Polycrystalline silicon 

ity of the plate. In this way, the support frame can be Quartz 

reliably connected to an electrical power source as well Glassy carbon 

as a heat sink intended to control the temperature of the Single crystal silicon 

electrode. By properly configuring the contact area 15 Pyrolytic graphite 

between the support frame and the electrode plate, the Silicon carbide 

rf fields produced by the electrode as well as the tern- Alumina 

perature profile maintained across the electrode can be Zirconium 

maintained within desired parameters. Diamond-coated materials 

20 Titanium oxide 

BRIEF DESCRIPTION OF THE DRAWINGS ^ M ^ ,„„ other dimensions of ^ electfode 

FIG. 1 is an exploded view of an electrode assembly plate are not critical and will be selected based on the 

constructed in accordance with the principles of the dimensions of the reactor, cost of the material, machin- 

present invention, shown with a portion of the support ability of the material, material erosion rate, and the 

ring broken away. 25 like. Usually, however, for expensive material it will be 

FIG. 2A is a cross-sectional view of the electrode desirable to minimize the thickness of the electrode 

assembly of FIG. 1. plate while providing sufficient material to permit ex- 

FIGS; 2B and 2C illustrate cross-sectional views of tended use before thinning of the material requires re- 
two alternate embodiments of the electrode assembly of placement. Most commonly, the plate will be in the 

the present invention. 30 form of a disc having a diameter in the range from about 

FIG. 3 is a schematic illustration of a plasma reactor 12 cm to 32 cm, usually being in the range from about 15 

system employing the electrode assembly of the present cm to 25 cm. The thickness of the plate will be in the 

invention, range from about 0. 1 cm to 2 cm, usually being in the 

FIG. 4 is a detailed view of the mounting of the elec- range from about 0.3 cm to 1 cm. 

trode assembly of the present invention within the reac- 35 The geometry of the electrode plate will generally be 

tor system of FIG. 3. symmetric and relatively simple in order to enhance 

DESCRIPTION OF- THE SPECIFIC minute stresses which might oUu^°during^rcWnin^ 

fcMBUtflMfcN r& mounting, and/or use of the electrode. The most pre- 

The present invention provides an improved con- 40 ferred geometry is a round disk. The plate will gener- 

structkm for an electrode assembly useful particularly ally be flat and free from protuberances, but the upper 

in parallel plate plasma rector apparatus. Such reactor face may have ridges, shoulders, or other symmetric 

apparatus typically include upper and lower electrodes features. In particular, a peripheral shoulder may be 

where the upper electrode is mounted in a housing provided to facilitate connection to a support ring, as 

which is capable of moving up and down relative to the 45 described below. The exposed face of the electrode 

lower electrode. The lower electrode which is gener- plate will be free from protuberances and it will usually 

ally fixed, will serve as a support service or "chuck" for be desirable to form apertures or orifices through the 

the semiconductor wafer or other article which is being plate in order to facilitate introduction of reactant gases 

treated. A particular construction for such a reactor is into the reactor volume. Such apertures will generally 

described in more detail hereinafter with reference to 50 be chosen to have symmetrical characteristics, usually 

FIG. 3. having a circular profile, and will be typically laid out in 

The electrode assembly of the present invention com- a uniform, symmetric pattern which will minimize non- 
prises a generally flat plate, usually in the form of a disk uniformities in the thermal, electrical, and structural 
having a substantially uniform thickness thereacross, properties of the disk. 

which is composed of a material which is "semiconduc- 55 As an alternative to discrete orifices, electrode plates 

tor pure*'. Semiconductor purity means that the mate- may be formed from a porous, sintered material, as 

rial is at least 99.999% pure and is substantially free of described in U.S. Pat. No. 4,367,114, the disclosure of 

trace contaminants that could interfere with the associ- which is incorporated herein by reference. In some 

ated wafer fabrication process. In particular, the mate- cases, it will also be possible to form the electrode with 

rial should have a total ash content of less than 10 parts 60 a slight curvature, as described in U.S. Pat. No. 

per million (ppm) including minimal amounts of heavy 4,603,466 and 4,615,755, the disclosures of which are 

metal, transition group metal, and alkali contaminants incorporated herein by reference. The use of such 

which are particularly damaging to silicon device per- "domed" electrodes, however, is generally limited to 

formance. the electrode which supports the wafer being pro- 

The plate will provide an electrode surface which is 65 cessed. 
exposed to the plasma in the parallel plate or other The electrode assembly of the present invention fur- 
reactor. Thus, the plate will be composed of a particular ther comprises a support frame which is bonded to one 
semiconductor pure material which is selected to be face or surface of the electrode plate. The support frame 
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provides mechanical support for the electrode plate to form a ductile bonding layer, preferably having a low 

when mounted in the reactor housing, as discussed vapor pressure. The ductility is desirable so that any 

hereinafter. Additionally, the support frame will pro- thermal expansion mismatch between the electrode 

vide electrical and thermal connection of the electrode plate 12 and support ring 14 will not result in breaking 

plate to the rf source and heat sink provided within the 5 or fracturing of the bond, or the electrode plate 12. 

reactor. Thus, the support frame is preferably formed With both soldering and brazing, a metallic bonding 

from a material having high electrical and thermal con- layer will be formed between the electrode plate and 

ductivities. By electrical conductivity, of course, it is t he support frame. Suitable metals include ductile, low 

meant the materials should have a low impedance vapor pressure metals, such as indium, silver, and alloys 

within the rf range of interest, typically either about 400 io thereof. Particularly preferred is the use of indium. The 

kHz or about 13 MHz. The material of the support characteristics of indium are particularly well balanced 

frame should be readily machinable so that the support for use ^ ^ bonding layer. Indium is available at rela- 

frame can be shaped to be compatible with mounting of tively high p Ur i t y f has a high ductility, and provides 

the electrode assembly in a wide variety of parallel plate gQod wett j ng 0 f adhesion to other metals. Addition- 

and other reactor systems. Suitable materials for this 15 ^ mdium has mo derate strength, a moderate melting 

support frame include graphite, aluminum, copper, ^ a relative i y i ow vapor pressure which mini- 

stainless steel, and the like. m j zes loss mt0 the reacton The difference between 

The support frame may assume virtually any geome- ^Ideting and brazing is primarily temperature, with 

try, but will preferably have a symmetric geometry wMakkg generally being performed at below about 

corresponding to that of the electrode plate, i.e., usually 2 0 80Q . p ^| brazing generally being performed at above 

having a circular symmetry in order to enhance uniform ^m* p 

thermal, electrical, and structural n Chwacterislics in the prrfelTed embodiment, the electrode plate 12 is 

e ertrode assembly dunng us* In the c** of circular J 14 by with indium 

electrode plates, ».e. disks, the support frame will typi- temperature ofabout 310' F. to 320' F. Soldering is 

call y be an annular nng t (or : mclude : a P^ty of con- 25 ^J e ^ nsive process ^ is suitable for 

centric annular rings) which is bonded about the penpn- 7 . . *^ . , « • « « i • * v • 

of one face of surface of the electrode plate. As jommg matenals which have a largemismatch m their 

Scribed in more detail hereinafter with reference to <»^ en * of CX P~ ™ e rd * ttv f * *? w 

Sie drawings, the use of the annular ring defines a re- sohdification temperature of soldered matenals mini- 
gion for receiving etchant gases which are then passed 30 mizes the expansion mismatch at the solidification tern- 
trough the apertures or orifices, when present in the perature. Brazing will usually provide a higher strength 
electrode plate. Alternatively, the support frame could bopd, but is suitable only for matenals which have well 
itself be a disk having apertures aligned with the aper- matched thermal expansion coefficients in order to 
tures in the electrode plate (if any) to allow introduction avoid high stresses m the bonding layer and electrode 
of reactant gases. 35 P late after to room temperature. 

Referring now to FIGS. 1 and 2A, an electrode as- As an alternative to soldering or brazing, the bonding 
sembly 10 constructed in accordance with the princi- layer may be formed from an electrically and thermally 
pies of the present invention includes plate 12 in the conductive adhesive, preferably from a metal filled 
form of a disk and a support frame 14 in the form of an epoxy such as a silver, aluminum, nickel, platinum, 
annular ring. The electrode plate 12 will generally be 40 gold, iron, and copper-filled epoxy. Suitable metal filled 
formed from the materials and have the dimensions set epoxies are commercially available from suppliers, such 
forth above The plate includes apertures 16 formed near as Devcon Corporation, Thermoset Plastics, SheU 
its center in order to distribute a reactant gas there- Company, and Varian Associates, 
through, as described in more detail hereinafter. The The support ring 14 and electrode plate 12 will be 
apertures 16 may extend over a greater portion of the 45 bonded at an interface region defined by the contact 
plate than illustrated, but will usually be maintained in a area between the ring and the. plate. It will generally be " 
symmetric arrangement for the reasons discussed advantageous to maximize the interface area in order to 
above. enhance thermal and electrical contact as well as struc- 

Support ring 14 includes a flange portion 18 and a tural support Usually, the contact area will have an 
downward extension portion 20. The downward exten- 50 annular width of at least about 1 cm, preferably being at 
sion is sized to engage the upper surface 22 of electrode least about 1.5 cm. The width may, of course, be greater 
disk 12 about its periphery. up to and including having contact along the entire rear 

Exemplary dimensions for the electrode assembly 10 surface of the plate, 
are set forth herein below. When employing brazing or soldering, it will usually 

TABLE 2 55 desirable to coat thin layers of metal on the interface 

1 " * region of both the support frame and the electrode to 

enhance wetability and adhesion of the bonding layer. 
Suitable metals typically include titanium and nickel, 
and will usually be applied to thicknesses in the range 
60 from about 1000 A to 50,000 A by conventional tech- 
niques, such as sputtering. 

In forming the electrode assembly 10, it will be desir- 
able to "pre-stress" the support ring 14 so that it pro- 
The support ring 14 may be bonded to the electrode vides a radially-directed inward compression on the 
plate 12 by any suitable process which provides the 65 electrode plate 12. Such a compressive stress helps to 
necessary bonding strength as well as thermal and elec- inhibit stress fracturing of the electrode plate 12 during 
trical characteristics. Typically, bonding will be per- use. More specifically, by utilizing a support ring 14 
formed by either brazing, soldering or use of adhesives which is formed from a material which has a slightly 
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D| 


10-30 cm 


D2 


12-32 cm 


D 3 


15-35 cm 


ti 


0.1-2 cm 


t2 


0.2-2 cm 


t3 


0.3-5 cm 
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larger thermal expansion coefficient than that of the upper surface 22" of the electrode plate 12". The use f 

electrode plate, and forming or curing the bonding multiple support rings enhances structural support as 

layer at a temperature above the expected operating well as thermal and electrical contact while leaving 

temperature, the support ring will apply a constant direct access to apertures 16" in the electrode plate, 

compressive f rce on both the electrode plate and the 5 Referring now in particular to FIG. 4, the electrode 

bonding layer. Even when the temperature of the elec- assembly 10 is mounted in the upper structure 59 of 

trode assembly is raised from room temperature to the reactor housing 52 with the lower surface of electrode 

operation temperature, the support ring will still be in disk 12 being exposed over its entire area. That is, there 

compression (although reduced relative to room tern- n0 mechanical structure holding the electrode disk 12 

perature). Thus, thermal cycling will be less likely to 10 m place within upper structure 59. Instead, support ring 

fracture the electrode plate which is fragile relative to 14 secured to a backing plate 80, which is typically 

the support ring. formed from a metal, such as aluminum. The support 

Referring now to FIGS. 3 and 4, an improved parallel ring 14 is atto ched to the backing plate 80, typically 

plate reactor system 50 employing the electrode assem- using fas t cn crs, (not illustrated), so that continuous 

bly 10 of the present invention will be described. The 15 b between upper exposed surface 82 of 

react r system 50 includes chamber 52, an inlet load the rt ^ 14 ^ a lowcr surfacc of ^ backi 

lock 54, and an outlet load lock 5* Construction of a latc 80 . A channd M & fonncd m ^ u ptT 

suitaMe reactor housing 52 is described m detail in U.S. surfacc of the backin latc M ^ thc channcl h 

t«J h°' t thC dlSC,OSUrC ° f Wluch * mCOrp °- cred by a ring plate 64. Thus, the channel 84 forms a 

rated herein y reference. 20 cooling duct for receiving cooling water from source 

. ^ k • h T? 8 ^ 2 * °T f Provisions (not shown) for electrically connecting 

trode phrte 58 which .s adapted to rece.ve asmgle wafer ft backi ^ 80 10 ^ wcr ^ 78 wil , ^ 

VZZ£%£££ wh^iSX «* Provided. In this way, elecEcal and thermal contact 
10 is mounted in an upper structure 59 which is recipro- , . Al _ . . . . . on . ^ , , „ _ 

cally mounted in an open upper end of the reactor 25 U,e packing plate 80 and the electrode plate 12 
chamber 32 with a motor-driven screw mechanism 60 ; s . n,au,talned throu « h ^ surfacc of su PP° rt ™« 
capable of raising and lowering the upper structure 59. ' . , mtk . _ , 

In this way, the gap between the exposed surface of . ^j*? ^J Tom *** P"* 1 ™ to dectrode 

electrode plate 12 and the lower electrode 58 may be P la * " throu « h P«V ^ enters the 

precisely adjusted 30 ^S 100 between the rear (unexposed) surface of elec- 

The load lock mechanisms 54 and 56 include means trode plate 12 and the lower surface of backing plate 80. 
for transferring single wafers from a wafer supply A ? air of baf!lc P Utcs and 88 are provided in the 
source 62 through the reactor vessel 52 and out to a ^S 1011 bctwecn backing plate 80 and electrode plate 
wafer receptacle 64. The construction of suitable load 12 m order to hcl P ^tribute the gas evenly through 
locks and transfer mechanisms are described in detail in 35 apertures 16 formed in the electrode plate. The baffle 
U.S. Pat Nos. 4,433,951; 4,483,654; 4,728,252; and P lates ma y substantially solid disks including a plu- 
4,833,790, the disclosures of which are incorporated ralit y of apertures (as illustrated) or may alternatively 
herein by reference. The reactor system 50 will also scrccn members defining a plurality of tortuous paths 
include an etchant gas source 70 connected to the elec- m order t0 hel P distribute the reactive gas. 
trode housing 59 to deliver the etchant gas to the elec- 40 Additional structure including a first insulating ring 
trode assembly 10. The system further includes a 90 and a second insulating ring 92 are provided about 
blower and main pump 72 used to maintain the pressure the outer periphery of the electrode assembly 10. Such 
in the housing 52 at the desired level, typically in the structure protects the support ring 14 from direct 
range from about 0.01 to 10 Torr. The reactor system 50 contact with the plasma, enhances the electrical field 
will also include a cooling water source 74 connected 45 properties of the electrode plate 12 during use, and 
above the upper and lower electrodes, as well as a load electrically insulates the electrode assembly 10 from the 
lock pump 76 for drawing down the pressure in load upper structure 59. 

locks 54 and 56. Finally, the system 50 includes an if Although the foregoing invention has been described 
power source 78 for supplying the necessary excitation m some detail by way of illustration and example for 
voltage to the electrode assembly 10 and lower elec- 50 purposes of clarity of understanding, it will be obvious 
trode 58. An exemplary power source is described in that certain changes and modifications may be practiced 
detail in U.S. Pat No. 4,871,421, the disclosure of which within the scope of the intended claims, 
is incorporated herein by reference. What is claimed is: 

Alternate embodiments of the electrode assembly of 1. An improved reactor of the type having a first 
the present invention are illustrated in FIGS. 2B and 55 electrode for supporting a substrate, an opposed elec- 
2C. The electrode assembly 10' (FIG. 2B) is similar to trode, and means for producing a plasma therebetween, 
electrode assembly 10 (FIG. 2A), except that the sup- wherein the opposed electrode has one face exposed to 
port frame 14' is not an open ring, but rather incorpo- the first electrode and an opposite face connected to an 
rates a disk which contacts the entire upper surface 22' electrical source and a thermal sink, the improvement 
f electrode plate 12'. The disk portion 15 of support 60 comprising an opposed electrode including (a) an elec- 
frame 14' includes apertures 17 which are aligned with trode plate composed of a substantially pure material 
apertures 16' in the electrode plate 12' to allow passage and having a substantially uniform thickness and (b) a 
of areactant gas. The embodiment of FIG. 2B provides support frame composed of an electrically and ther- 
for enhanced structural support as well as thermal and mally conductive material bonded to a back face of the 
electrical contact between the support frame and elec- 65 plate, whereby the support frame is connected to the 
trode plate. electrical source and thermal sink and a front face of the 

The electrode assembly 10" (FIG. 2C) includes three plate which is exposed to the first electrode is substan- 
concentric support rings 14*, l$b, and 14c bonded to the tially free from protuberances. 



